Materials and Method
Algae M. aeruginosa Kütz was obtained from the Institute of Hydrobiology, Chinese Academy of Sciences. The alga was cultured axenically in liquid BG-11 medium (Rippka et al. 1979 ) in 1.0 L Erlenmeyer flasks at 25°C under fluorescent light at an intensity of 40 µE m -2 s -1 with a light-dark period of 12:12 hours. The alga in its exponential growth phase was used in this experiment.
Filtered lake water
Two types of natural lake water were sampled from two different sites in Lake Taihu (119°53'45''-120°36'15"E, 30°55'42''-31°33'50"N) at the same time. Because of the role of wind power and hydrological factors, the distribution of zooplankton is not uniform during the sampling process. Among the two sampling sites, one showed abundant zooplankton (copepods ≈ 80 ind•L -1 , cladocerans ≈ 400 ind•L -1 , rotifers ≈ 500 ind•L -1 , protozoans ≈ 1000 ind•L -1 ) and the other showed few zooplankton (copepods < 1 ind•L -1 , cladocerans < 1 ind•L -1 , rotifers < 3 ind•L -1 , protozoans < 10 ind•L -1 ). The two different lake waters were filtered through 0.15µm membrane filters separately, and immediately used in the experiment. There was no significant difference in water quality between the two filtered lake waters.
Experiment on colony induction
A total of nine batches of 80 ml of M. aeruginosa were transferred into cellulose plug stoppered 250 ml Erlenmeyer flasks, followed by addition of 20 ml of BG-11 medium (control), and 20 ml of filtered lake water containing abundant zooplankton or 20 ml of filtered natural lake water containing few zooplankton. The initial algal concentration (cell number) was approximately 8.5x10 6 cells•ml -1 . The test was run in triplicate for 6 days at 25°C under fluorescent light at an intensity of 40 µE m -2 s -1 with a light-dark period of 12:12 hours. Samples were taken at regular intervals and the numbers of cells per unit were counted under a light-microscope by counting at least 600 units (i.e. unicells, two-celled as well as colonies). The mean number of cells per unit, the mean number of cells per colony (defined as more than two cells together), and the mean proportion of cells of unicells, two-celled, and colonies were computed from these counts, respectively. Growth rates of M. aeruginosa were estimated from increase in number of cells : r=(lnN tlnN 0 )x∆t -1 , where N t is the final algal number (cells•ml -1 ), N 0 is the initial algal number and ∆t is experimental time (days). All data were presented as mean ± 1 SD. Analysis of variance (ANOVA) was used to determine the significance of differences in the growth rate and mean number of cells per unit between control and the treatment.
Results
Colony formation of M. aeruginosa was observed in the treatment of filtered lake water with abundant zooplankton after 2 days. Some colonies of several, dozens, and sometimes even hundreds of M. aeruginosa cells were formed ( Fig. 1A and B) . However, M. aeruginosa populations in the control and the treatment of filtered lake water with few zooplankton were strongly dominated by unicells and paired cells and no colony was formed ( 
unit of M. aeruginosa differed significantly between the control and the treatment of filtered lake water with abundant zooplankton (P < 0.05), whereas there was no significant difference was detected between the control and the treatment of filtered lake water with few zooplankton (P > 0.05) (Fig. 2) . To express the colony formation in the treatment of filtered lake water with abundant zooplankton, the mean number of cells per colony was used, and its value was about 16 cells per colony (Fig. 3) . At the beginning of the experiment, M. aeruginosa cultures were comprised of 84.7±4.3% unicells. After two days, the control populations remained dominated by unicells, while in the treatment of filtered lake water with abundant zooplankton the unicells reduced to 53.4±6.5% and the proportion of cells in colonies increased from 0 to 24.5±4.6% of the population (Fig. 4) . In addition, the proportion of paired cells showed no significant change throughout the experiments in the control and the two treatments. Although growth rate in the control was slightly higher than that in the two treatments, no significant difference was detected (P > 0.05), regardless to the filtered lake water type (Fig. 5) .
Discussion
The fact that colony formation was observed in M. aeruginosa in the treatment of filtered lake water with abundant zooplankton, whereas no colony was detected in the control and the treatment of filtered lake water with few zooplankton indicated that colony formation in M. aeruginosa was induced indirectly by dis- solved substances in the natural lake water. Furthermore, such colony formation is probably not associated with nutrition differences because there was no significant difference in growth rate between the two treatments and the control. Therefore, dissolved substances probably originating from abundant zooplankton may be one of the factors responsible for the colonial form.
In the treatment of filtered lake water with abundant zooplankton, some colonies of dozens and hundreds of M. aeruginosa cells were formed. Two different mechanisms are involved in the colony formation ; one mechanism is that colonies are formed when daughter cells of a recently divided cell remain in a regular arrangement during the reproductive process, and the other is that formation of colonies are adhesion of already existing single cells (Lürling 2003) . The fact that the colonies formed in our experiment were arbitrary arrangements of cells suggested that colony formation in Microcystis was probably due to adhesion of already existing single cells. However, large colonies as those occurring in eutrophic lakes were not formed. The induced colonies, under artificial conditions in the laboratory, differed in number and shape from the colonies collected from the field (Fig. 1D) . In the present experiment, the fact that about half of the populations still remained as unicells in the treatment of filtered lake water with abundant zooplankton indicated that the colony-inducing effect was very weak. The weaker colony-inducing effect may be due to axenic culture of M. aeruginosa used in the experiment. It is well known that the mucilage keeps the typical shape of a Microcystis colony and colonies of Microcystis in eutrophic lakes are commonly found with numerous bacteria embedded in the mucilage (Brunberg 1999 , Pearl 1988 , Boström et al. 1989 . Therefore, it is likely that the colony formation of this species in natural water, associated with other factors such as bacteria, may give an advantage to M. aeruginosa to maintain colony mucilage (Brunberg 1999) . Several articles have already been published on colony formation of M. aeruginosa under laboratory conditions. Jang et al. (2003) and Ha et al. (2004) reported that colony formation in M. aeruginosa can be induced by zooplankton culture media filtrate ; Burkert et al. (2001) discovered colony formation in M. aeruginosa occasionally when they used dialyse tubing to investigate the interactions between M. aeruginosa and a potential grazer (Ochromonas sp.) ; Canini et al. (2001) reported that cultures of M. aeruginosa can be induced to form surface bloom. However, Fulton III & Paerl (1987) reported that chemicals released from Daphnia ambigua appeared ineffective as colony-inducing agents in Microcystis. Also, chemicals released from Daphnia magna were ineffective in inducing Microcystis colonies (Hesson & Van Donk 1993) . The above conflicting conclusions may be due to different experimental conditions, or to other unknown factors. Further clarification is thus needed. From our experiment, we can only conclude that some dissolved substances in the natural lake water, which were probably released from mixed zooplankton, may be one of the environmental factors responsible for the colonial form in M. aeruginosa. However, it is likely that the colony-inducing effect of different zooplankton may be not identical. Further studies are therefore needed to identify which zooplankton taxa (copepods, cladocerans, rotifers, protozoans) may play the most important role in inducing colony formation in M. aeruginosa.
